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Aluminum and Membrane Channels
M. Colombini

C,.-

0(6 Introduction Effects of Aluminum Salts on
: ,0({ : Membrane -Channels[0 ( - Cell membranes contain a variety of trans--Oa, 1 port systems which control the flow of ions Mitochondria from all eukaryotic king-

and small molecules from one cellular corn- doms' contain channels in their outer mena-
G " . partment to another. One such system is the branes that allow ions and small molecules to

C (L channel-forming protein. This is a protein that diffuse between the cytoplasm and the ri'to-
- is embedded in the membrane and forms a chondrial spaces. These channels are called

continuous water-filled pathway through the VDAC, an acronym for voltage-dependent an-
membrane. Such a pathway would tend to dis- ion-selective channel. As the name indicates,
sipate electrochemical gradients and thus is these channels respond to the membrane po-
genera!"' under some sort of control. tential and enter closed conformations when a

Gating refers to the variety of processes that voltage is applied. This voltage- gating may al-
exist in different membrane channels to con- low these channels to control mitochondrial
trol their permeability. Some are gated by the function by controlling the permeability of the
membrane potential (voltage gated), some by outer membrane.
small molecules (chemical gated), and some VDAC channels have a relatively simple
by the tension in the membrane (stretch gat- structure. They form 3 nm diameter pores
ed). Gating relies on the channel-forming pro- with just one 30 kDa polypeptide. 2 In the outer
tein existing in different conformational states membrane of N. crassa they can be induced I
differing in their ability to allow molecules to form two-dimensional crystals (Fig. 1)
and/or ions to cross the membrane. The gat- whose structure consists of a 6-channel repeat-
ing process allows relatively small changes in ing unit. At the resolution of the images. the
the environment to cause dramatic shifts in surface structure of the crystal seems the same
the state occupied by a given channel. For ex- from both sides reflecting the symmetrical
ample, in the case of a voltage-gated channel, electrophvsiological behavior.
the channel may have a high probability of be- Less than 10 vM AICI, causes a reduction in
ing in an open or highly-permeable state in the the voltage dependence 4 of VDAC.' At higher
absence of a membrane potential and a low levels one observes a profound change in the
probability of being in the open state in the ability of VDAC to respond to a membrane
presence of even a small potential. For these potential. These channels are normally open
gating processes to be useful physiologically, at low membrane potential and close when
the different conformational states must be positive or negative voltages are applied (the

S0 -'x very close in energy, often differing only by a switching region is around ± 20 mV).
. E , •fraction of the energy of a hydrogen bond. Channel closure can be observed as a decay

S,[ Metal ions such as aluminum could, in prin- in ion flow through the channels as a function
0 , ( ciple, interfere with finely-tuned systems such of time after the application of a membrane

o -, as gated membrane channels if they bind to potential (Fig. 2). VDAC channels were recon-

" t these proteins. This is reasonable from hind- stitued into planar phospholipid membranes-~"1 sihbut when effects of aluminum on volt- separating two aqueous compartments. This

; 0 K age-gated channels were first observed, they allows the properties of the channels to be
Q k C were a big surprise. Indeed, they were discov- studied without the influence of other cellular

;- ered by accident. components. The composition of the solution

___t 93-12175
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